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Low-pressure discharge lamp 

Technical Field 

5 The invention relates to a low-pressure discharge lamp having 
an essentially tubular discharge vessel which consists of glass 
and is sealed in a gas-tight manner at the ends, having a 
filling comprising a noble gas mixture and possibly mercury and 
possibly having a fluorescent coating on the inner wall of the 

10 discharge vessel, in each case two power supply lines being 
fused into the two ends of the discharge vessel in a gas-tight 
manner and running essentially parallel to the longitudinal 
axis of the discharge vessel in this section, a filament 
electrode, which runs essentially transversely with respect to 

15 the longitudinal axis of the discharge vessel, being fixed at 
the inner end of each of said two power supply lines. 



Prior Art 



20 Coldstarting operation of low-pressure discharge lamps, i.e. 
operating devices for low-pressure discharge lamps which do not 
preheat the electrodes when starting the lamp, is becoming 
increasingly important. The advantage of this operation is the 
fact that light is output by the lamp immediately after it has 

25 been connected to the power supply system. At the same time, 
the ballasts for these lamps can be manufactured in a more 
cost-effective manner since the circuit element for the 
preheating is no longer required. 

30 When coldstarting a low-pressure discharge lamp without 
preheating the electrodes, the lamp initially starts with a 
glow discharge when it is connected to the power supply system. 
This glow discharge with a current in the region of a few mA 
turns into the arc discharge after approximately from 20 to 

35 100 ms, i.e. once the electrodes have been heated up. When the 
glow discharge becomes the arc discharge, the arc 
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now attaches at the transition between the part which is not 
pasted with electrode material and the pasted part of the 
electrode since the pasted part of the electrode is still cold 
and is therefore nonconductive . Owing to the fact that the arc 
5 always attaches at the same point on the filament electrode 
each time the lamp is switched on, sputtering of electrode 
material takes place there and premature breakage of the 
electrode, in comparison with the preheated electrode, results. 
Even if the filament electrode is completely pasted with 

10 emitter material up to the current -carrying power supply lines, 
for manufacturing reasons it always still has points at which 
the filament has only very insufficient pasting to no pasting 
at all. The arc discharge will then always attach at one of 
these points and therefore result in a breakage of the 

15 electrode at this point owing to the sputtered electrode 
material . 

Description of the Invention 

2 0 The object of the present invention is to provide a low- 

pressure discharge lamp which has greater switching strength 
and therefore an extended average life in comparison with the 
previously known low-pressure discharge lamps in the case of 
coldstarting operation. 

25 

In the case of a low-pressure discharge lamp having an 
essentially tubular discharge vessel which consists of glass 
and is sealed in a gas-tight manner at the ends, having a 
filling comprising a noble gas mixture and possibly mercury and 

3 0 possibly having a fluorescent coating on the inner wall of the 

discharge vessel, in each case two power supply lines being 
fused into the two ends of the discharge vessel in a gas-tight 
manner and running essentially parallel to the longitudinal 
axis of the discharge vessel in this section, a filament 
35 electrode, which runs essentially transversely with respect to 
the longitudinal axis of the discharge vessel, being fixed at 
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the inner end of each of said two power supply lines, this 
object is achieved by the fact that, in order to increase the 
switching strength of the lamp during coldstarting operation, 
at least one further electrode consisting of a conductive 
material is arranged in the region between the filament 
electrode and the adjoining end of the discharge vessel, one 
end of this further electrode being electrically connected to 
one of the two power supply lines. 

This additional electrode is used as a sacrificial electrode 
since this is an electrode which is available to the arc 
discharge for the attachment of the arc 
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when the arc discharge is established, in which case it is 
insignificant whether material of this electrode is sputtered 
in the process. Firstly, the arc discharge attaches to this 
sacrificial electrode and transfers to the filament electrode 
5 when the emitter material on the filament electrode has been 
heated up by means of ion bombardment to such an extent that it 
is sufficiently hot for the thermal emission of electrons. 

Since the filament electrode needs to be heated up to the 

10 required operating temperature of approximately 900 to 1500 K 
even when a further electrode is used which acts as the 
sacrificial electrode, and this can only be achieved with 
sufficient speed by means of ion bombardment, the ion 
bombardment must not be completely prevented on the filament 

15 electrode. In order, on the other hand, to keep the sputtering 
of electrode material from the filament electrode low, the 
further electrode needs to be fitted geometrically in relation 
to the filament electrode such that the plasma density on the 
filament electrode is substantially reduced in comparison with 

2 0 the case without an additional electrode, i.e. by a factor of 
approximately 100. In order to achieve this, the further 
electrode is advantageously fitted such that, in a vertical 
view of the plane formed by the two power supply lines and the 
filament electrode, it lies largely between the two power 

25 supply lines. 



The potential difference between the plasma on the filament 
electrode Vne and on the further sacrificial electrode V S e is 



30 AV P =V NE ~ VsE~T e hi 



P^NE 
\ n PJE J 



where T e is the electron temperature, n P<NE is the plasma 
density at the location of the filament electrode and n P/S E is 
the plasma density at the location of the further electrode. 
35 The energy of the ions which impinges on the filament electrode 
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and the further electrode is therefore approximately equal in 
size; however, owing to the low plasma density n P/NE at the 
location of the filament electrode, a reduced ionic current 
impinges on the filament electrode, which reduces the 
5 sputtering rate and therefore extends the life of the filament 
electrode during coldstarting. 
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In order to facilitate the attachment of the arc discharge to 
the further electrode, the conductive material of the electrode 
has a high coefficient for secondary electron emission. 
Investigations with different materials have shown that, in 
5 particular, nickel and/or ruthenium or else tungsten are 
suitable for this purpose. On the other hand, molybdenum, which 
should likewise be very well suited owing to its high secondary 
electron emission coefficient, has not proven to be suitable, 
which until now has not been understood. 

10 

Further investigations have shown that the switching strength 
of the lamp during coldstarting operation increases with the 
decreasing diameter of the further electrode. In this case, 
however, the electrode still needs to have a sufficiently large 
15 diameter that it maintains sufficient stability over the life 
of the lamp. For this reason, the further electrode 
advantageously comprises a wire having a wire diameter of 
between 50 and 150 urn. 

2 0 For good secondary electron emission, the further electrode 
should be arranged as close as possible to the filament 
electrode. It is particularly appropriate in this regard that 
the further electrode extends essentially parallel to the axis 
of the filament electrode from the power supply line to which 

25 it is electrically connected in the direction of the other 
power supply line. Particularly advantageous results are 
obtained as regards the arc attachment on the further electrode 
if the electrode extends for 40 to 60% of the distance between 
the two power supply lines in the direction of the other power 

30 supply line. Since, after firing of the lamp, the electrical 
field at the additional electrode preferably runs parallel to 
the axis of the discharge vessel, it is advantageous if part of 
the additional electrode points in this direction in order to 
keep the glow discharge on the additional electrode. For this 

35 reason, the free end of the further electrode is bent back in 
the direction of the filament electrode. 
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A favorable distance between the axis of the filament electrode 
and the free end or tip of the additional electrode depends 
essentially on the inner diameter of the discharge vessel in 
5 this region. If the glow discharge attaches at the additional 
electrode, a negative glow-discharge light forms around this 
electrode, this negative glow-discharge light being of the 
order of magnitude of half the inner diameter of the discharge 
vessel. The cathode drop area forms directly at the surface of 
10 the further 
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electrode. Adjacent to the cathode drop area, the plasma 
density in the negative glow-discharge light rises steeply in 
order to markedly drop after a maximum until the level of the 
positive column at the end of the negative glow-discharge light 
5 is reached. Therefore, the free end of the further electrode 
(7, 8) preferably has a distance of (0.2 - 1) x Rinner tube from 
the filament electrode (5), Rinner tube being the inner radius of 
the discharge vessel in this section of the discharge vessel. 

10 Furthermore, the further electrode (7, 8) can advantageously be 
fixed to the power supply line in a position in which it is 
rotated through an angle of less than or equal to 45° in 
relation to the axis of the filament electrode. This favors 
firing of the glow discharge at the sacrificial electrode since 

15 the initial electron avalanche takes place from the electrode 
to the wall of the discharge vessel. The closer the sacrificial 
electrode gets to the wall of the discharge vessel, the more 
probable it is that the glow discharge will be ignited at the 
sacrificial electrode . 

20 

A further improvement in the switching strength and therefore 
the average lamp life during coldstarting operation is achieved 
if the lamp has two further electrodes instead of one further 
electrode as the sacrificial electrode, in each case one end of 
2 5 each further electrode being connected to one of the two power 
supply lines of the same filament electrode such that a further 
electrode is electrically connected to each of the two power 
supply lines. 

30 Brief Description of the Drawings 

The invention will be explained in more detail below with 
reference to the following exemplary embodiment. 



35 



Preferred Embodiment of the Invention 
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The figure shows one end of a compact low-pressure discharge 
lamp according to the invention having a power consumption of 
21 W. The multiply wound discharge vessel 1 comprises three 
discharge vessel parts which are bent in the form of a U 
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and have a tube outer diameter of 12 mm, which discharge vessel 
parts are connected by transverse fuse seals to form a coherent 
discharge path. The two ends of the discharge vessel are sealed 
in a gas-tight manner by a pinch seal 2. Two power supply lines 
5 3, 4 consisting of Fe-Ni-Cr wire having a wire diameter of 
400 ym are fused in a gas-tight manner into each of these pinch 
seals and bear a filament electrode 5 consisting of 
double-wound tungsten wire at their inner end. The two power 
supply lines 3, 4 are in addition held, by means of a glass 
10 bead 6, in the center between the filament electrode 5 and the 
pinch seal 2 into which they are fused. 

According to the invention, in the case of the one end of the 
discharge vessel 1 which is shown here, in each case a further 

15 electrode 7, 8 is fitted as the sacrificial electrode between 
the glass bead 6 and the filament electrode 5 on the two power 
supply lines 3, 4. The two further electrodes 7, 8 comprise a 
nickel wire having a wire diameter of 12 5 urn. They extend away 
from the power supply lines 3, 4 parallel to the axis of the 

2 0 filament electrode 5 and are bent back at right angles to the 
filament electrode 5 at their end. There is a distance of 
1.25 mm between the tips of the further electrodes 7, 8 and the 
filament electrode 5. Those sections of the further electrodes 
7, 8 which are parallel to the filament electrode 5 have a 

2 5 length of 3 mm; they are in each case welded to the opposite 

side of the respective power supply line 3 or 4 and therefore 
do not come into contact with one another. 

Measurements show that, owing to the design of the 

3 0 above-described compact low-pressure discharge lamp with two 

further electrodes as sacrificial electrodes, it is possible to 
achieve an increase in the average number of switching 
operations by 10 000 switching operations, i.e. connections to 
the power supply system, during coldstarting operation in 
35 comparison with an identical lamp without these further 
electrodes . 



